Purpose Self-report is an efficient and accepted means of assessing population characteristics, risk factors, and diseases. Little is known on the validity of self-reported work-related illness as an indicator of the presence of a work-related disease. This study reviews the evidence on (1) the validity of workers' self-reported illness and (2) on the validity of workers' self-assessed work relatedness of an illness. Methods A systematic literature search was conducted in four databases (Medline, Embase, PsycINFO and OSHUpdate). Two reviewers independently performed the article selection and data extraction. The methodological quality of the studies was evaluated, levels of agreement and predictive values were rated against predefined criteria, and sources of heterogeneity were explored. Results In 32 studies, workers' self-reports of health conditions were compared with the ''reference standard'' of expert opinion. We found that agreement was mainly low to moderate. Self-assessed work relatedness of a health condition was examined in only four studies, showing lowto-moderate agreement with expert assessment. The health condition, type of questionnaire, and the case definitions for both self-report and reference standards influence the results of validation studies. Conclusions Workers' self-reported illness may provide valuable information on the presence of disease, although the generalizability of the findings is limited primarily to musculoskeletal and skin disorders. For case finding in a population at risk, e.g., an active workers' health surveillance program, a sensitive symptom questionnaire with a follow-up by a medical examination may be the best choice. Evidence on the validity of self-assessed work relatedness of a health condition is scarce. Adding welldeveloped questions to a specific medical diagnosis exploring the relationship between symptoms and work may be a good strategy.
Introduction
Self-report measures on work-related diseases including health complaints, disorders, injuries, and classical occupational diseases are widely used, especially in population surveys, such as the annual Labour Force Survey in the United Kingdom HSEa (2010). These measures are also used in more specific epidemiological studies, such as the Oslo Health Study (Mehlum et al. 2006 ). The purpose of these studies is to estimate or compare the prevalence rate of work-related diseases in certain groups but also case finding in workers' health surveillance. In this review, the focus is on the self-report of work-related ill health or illness in which information is used to report about the presence of work-related diseases.
It is important to realize the difference between illness and disease. Although these terms are often used interchangeably (Kleinman et al. 1978) , they are not the same. Physicians diagnose and treat diseases (i.e., abnormalities in the structure and function of bodily organs and systems), whereas patients suffer illnesses (i.e., experiences of disvalued changes in states of being and in social function: the human experience of sickness). In addition, illness and disease do not stand in a one-to-one relation. Illness may even occur in the absence of disease, and the course of a disease is distinct from the trajectory of the accompanying illness. In self-reported work-related illness, the respondent should therefore not only assess whether or not he or she is suffering from an illness (i.e., having symptoms or signs of illness or illnesses) but also assess the work relatedness of this illness. This is why self-reported work-related illness represents the collective individuals' perception of the presence of an illness and the contribution that work made to the illness rather than a medical diagnosis and formal assessment of the work relatedness of the medical condition.
Although people's opinions about work-related illnesses can be of interest in its own right, for epidemiological and surveillance purposes it is important to know how well self-reported work-related illnesses reflect work-related diseases as diagnosed by a physician. According to the International Labour Organization (ILO), work-related diseases are those diseases where work is one of several components contributing to the disease (ILO 2005) . To estimate the incidence and prevalence of work-related diseases, the most robust way would be to undertake detailed etiological studies of exposed populations in which disease outcomes can be studied in relation to risk factors at work and other potential causative factors. However, this type of studies can rarely be performed on such a scale that the findings can serve as an estimate of the prevalence of several work-related diseases in larger populations. Thus, the common alternative approach is to rely on self-report by asking people whether they suffer from work-related illness using open, structured, or semi-structured interviews, or (self-administered) questionnaires.
Self-report measures are used to measure health conditions but also to obtain information on the demographic characteristics of respondents (e.g., age, work experience, education) and about the respondents' occupational history of exposure, demands, and tasks. Sometimes self-report is the only way to gather this information because many health and exposure conditions cannot easily be observed directly; in those cases, it is not possible to know what a person is experiencing without asking them.
When using self-report measures, it is important to realize that they are potentially vulnerable to distortion due to a range of factors, including social desirability, dissimulation, and response style (Murphy and Davidshofer 1994; Lezak 1995) .
For example, how people think about their illness is reflected in their illness perceptions (Leventhal et al. 1980) . In general, these illness perceptions contain beliefs about the identity of the illness, the causes, the duration, the personal consequences of the illness, and the extent to which the illness can be controlled either personally or by treatment. As a result, people with the same symptoms or illness or injury can have widely different perceptions of their condition (Petrie and Weinman 2006) . It is therefore clear that the validity of the information on self-reported disease relies heavily on the ability of participants to specifically self-report their medical condition.
From various studies, we know that the type of health condition may be a determinant for a valid self-report (Oksanen et al. 2010; Smith et al. 2008; Merkin et al. 2007) . From comparing self-reported illness with information in medical records, these studies showed that diseases with clear diagnostic criteria (e.g., diabetes, hypertension, myocardial infarction) tended to have higher rates of agreement than those that were more complicated to diagnose by a physician or more difficult for the patient to understand (e.g., asthma, rheumatoid arthritis, heart failure).
The self-assessment of work relatedness can be considered a part of the perception of the causes of an illness. The attribution of an illness to work may be influenced by beliefs about disease etiology, the need to find an external explanation for symptoms, or the potential for economic compensation (Sensky 1997; Plomp 1993; Pransky et al. 1999) . However, contextual factors can also influence the results of self-assessed work relatedness e.g., the way the information on study objectives is presented to the participants (Brauer and Mikkelsen 2003) or the news media attention to the subject (Fleisher and Kay 2006) .
When evaluating self-reported work-related ill health, it is necessary to consider (1) the validation of the self-report of symptoms, signs, or illness, being the self-evaluation of health and (2) the self-assessment of work relatedness of the illness, being the self-evaluation of causality. To do this, we can consider self-report as a diagnostic test for the existence of a work-related disease and study the diagnostic accuracy. In addition, when synthesizing data from such ''diagnostic accuracy studies'', it is important to explore the influence of sources of heterogeneity across studies, related to the health condition measured, the selfreport measures used, the chosen reference standard, and the overall study quality.
Our primary objective was to assess the diagnostic accuracy of the self-report of work-related illness as an indicator for the presence of a work-related disease as assessed by an expert, usually a physician, using clinical examination with or without further testing (e.g., audiometry, spirometry, and blood tests) in working populations.
The research questions we wanted to answer were:
1. What is the evidence on the validity of workers' selfreported illness? 2. What is the evidence on the validity of workers' selfassessed work relatedness (of their illness)?
Methods

Search methods for identification of studies
An electronic search was performed on three databases as follows: Medline (through PubMed), Embase (through Ovid), and PsycINFO (through Ovid). To identify studies, a cutoff date of 01-01-1990 was imposed, and the review was limited to articles and reports published in English, German, French, Spanish, and Dutch. To answer the research questions, a search string was built after exploring the concepts of workrelated ill health, self-report, measures, validity, and reliability (details Box 1). To identify additional studies, the reference lists of all relevant studies were checked.
Inclusion criteria
Types of studies
Eligible were studies in which a self-reported health condition was compared with an expert's assessment, usually a physician's diagnosis, based on clinical examination and/or the results of appropriate tests.
Participants
Studies had to include participants who were
• working adults or adolescents ([16 year), or • workers presenting their work-related health problems in occupational health care (e.g., consulting an occupational health clinic or visiting an occupational physician or other health care worker specialized in occupational health), or • workers presenting their as such identified work-related health problems in general health care (e.g., visiting a general practitioner or medical specialist not specialized in occupational health).
Index tests and target conditions
Self-report methods or measures used had to assess any self-reported health condition (illness, disease, health symptoms or complaints, health rating) or assess the attribution of self-reported illness to work factors. We included self-administered questionnaires, single question questionnaires, telephone surveys using questionnaires, and interviews using questionnaires.
Reference standards
To establish work-related disease, the reference standard was an expert's diagnosis. The included reference standards were defined as:
• Clinical examination by a physician, physiotherapist, or registered nurse resulting in either a specific diagnosis or recorded clinical findings; • Physician's diagnosis based on clinical examination combined with results from function(al) tests (e.g., in musculoskeletal disorders) or clinical tests (e.g., spirometry); • Results of function or clinical tests (e.g., audiometry, spirometry, blood tests, specific function tests).
Data collection and analysis
Selection of articles
In the first round, two reviewers (AL, IZ) independently reviewed all titles and abstracts of the identified To answer the second research questions, one search was built after exploring the concepts of work-related ill health, self-report, validity/ reliability
In the search on validity and reliability, we used the terms ''Psychometrics'' [Mesh] , ''Reproducibility of Results'' [Mesh], valid, validity, reliable, reliability, compare, comparison, agree, agreement, repeatable, repeatability, test-retest, consistent, consistency Int Arch Occup Environ Health (2012) 85:229-251 231 publications and included all articles that seemed to meet all four inclusion criteria. In the second round, full text articles were retrieved and studies were selected if they fulfilled all four criteria. The references from each included article were checked to find additional relevant studies; if these articles were included, their references were checked as well (snowballing). To check for and improve agreement, a sample of 10 results was compared, and any disagreements were discussed and resolved in consensus meetings, if necessary, with a third reviewer (HM).
Data extraction
Data extraction was performed by one reviewer and checked by another. This extraction was performed using a checklist that included items on (a) the self-report measure; (b) the health condition that the instrument intended to measure; (c) the presence of an explicit question to assess the work relatedness of the health condition; (d) study type; (e) the reference standard (physician, test, or both) the selfreport was compared with; (f) number and description of the population; (g) outcomes; (h) other considerations; (i) author and year; and (j) country. If an article described more than one study, the results for each individual study were extracted separately.
Assessment of method quality
The included articles were assessed for their quality by rating the following nine aspects against predefined criteria: aim of study, sampling, sample size, response rate, design, self-report before testing, interval between selfreport and testing, blinding and outcome assessment ( Table 1 ). The criteria were adapted from Hayden et al. (2006) and Palmer and Smedley (2007) to assess whether key study information was reported and the risk of bias was minimized. Articles were ranked higher if they were aimed at evaluation of self-report, well-powered, employed a representative sampling frame, achieved a highly effective response rate, were prospective or controlled, had a clear timeline with a short interval between self-report and examination, assessed outcome blinded to self-report, and had clear case definitions for self-report and outcome of examination/testing. Each of these qualities was rated individually and summarized to a final overall assessment per article translated into a quality score with a maximum of 23. We called a score high if it was 16 or higher: at least 14 points on aim of the study, sampling, sample size, response rate, design, interval, and outcome assessment combined and in addition positive scores for timeline and blinding of examiner. We called a score low if the summary score was 11 or lower. The moderate scores (12) (13) (14) (15) are in between. The information regarding the characteristics of the studies, the quality and the results were synthesised into two additional tables (Tables 5, 6 ).
Data analysis and synthesis
Based on the self-report measures, participants were classified as positive or negative for self-report of (workrelated) illness. Based on the reference standard, the participants were classified into two groups: those with a disease, clinical findings, or positive test results and those without a disease, clinical findings, or positive test results.
From the 19 studies that contained sufficient data, two-bytwo tables of true positives (TP), false positives (FP), false negatives (FN), and true negatives (TN) were constructed to calculate sensitivity (SE) and specificity (SP). We presented individual study results graphically by plotting the estimates of sensitivity and specificity (and their 95% confidence intervals) in a forest plot using Review Manager 5 (Fig. 3) . From the studies that contained insufficient data, we presented the data on agreement (13) or sensitivity and specificity (8) in Tables 2 and 3 . All data on self-assessment of work relatedness are summarized in Table 4 . The level of agreement and the predictive value of the self-report measures in relation to expert assessments were categorized as high, moderate, or low in accordance with the predefined criteria:
• For studies reporting percentage of agreement, a percentage of [85% was considered high, 70-85% was considered moderate, \70% was considered low; (Altman 1991; Innes and Straker 1999a, b; Gouttebarge et al. 2004 ) • For studies that reported an assessment of concordance (e.g., kappa for categorical variables or Pearson correlation coefficients for continuous variables), the reported statistic was categorized according to the following criteria:
• Kappa values [0.6 were considered high, results between 0.6 and 0.4 were considered moderate, and kappa values\0.4 were considered low (Landis and Koch 1977) • Pearson correlation coefficients [0.8 were considered high, results between 0.8 and 0.4 were considered moderate, and results \0.4 were considered low (Cohen and Cohen 1983; Chen and Popovich 2002; Younger 1979) • To assess sensitivity (SE), specificity (SP) independently for each measure, a value of [85% was considered high, 70-85% was considered moderate, and \70% was considered low.
Investigation of heterogeneity
Heterogeneity was investigated through analyzing the tables on level of agreement, sensitivity, and specificity and through visual examination of the forest plot of sensitivities and specificities. We also explored the effect of the overall methodological quality of the study, type of health condition, type of self-report measure, and case definition used in self-report and in the reference standard. For the construction of summary receiver operating characteristics (sROC) curves, we used a fixed effects model, mainly to explore the influence of covariates like health condition or type of self-report.
Results
Search results
The electronic search identified 889 unique titles and abstracts, which were then screened by AL and IZ. The result was the retrieval of 50 potentially relevant articles. After assessment of the full text articles, 23 articles were included and 27 were discarded by consensus. The main reasons for exclusion being that they (1) did not address the research topic (i.e., the validity of self-reported illness among working adults), (2) did not compare self-report with expert assessment based on clinical examinations or tests, and (3) did not include an estimate of agreement between self-report and expert assessment or an estimate of the predictive value of self-report. Some articles were excluded for a combination of these reasons. (A list of excluded articles, with reasons for exclusion, is available on request.) Eight new articles were obtained by reference checking, so 31 articles in total were included in this review ( Fig. 1 ). In the 31 articles, 32 studies were described since one article (Descatha et al. 2007 ) described two separate studies with different characteristics (the ''Repetitive Task Survey'' and the ''Pays de Loire Survey'').
Methodological quality of included studies
The methodological quality was assessed for all 32 included studies, and the results are presented in Fig. 2 . The range of the quality score was 10-20 (maximum 23) with a mean of 14.6 ± 2.6 and a median of 15. Of the studies, 11 had high quality (scores of 16 or higher), including 8 of 13 studies on musculoskeletal disorders; 15 had moderate quality (scores of 12-15), including 6 of 8 studies on skin disorders; and 6 had low quality (scores of 10 or 11). Important reasons for lower study quality were a small sample size, low response rate, no control group, long interval between self-report and expert assessment, and lack of blinding to the outcomes of self-report while performing clinical examination or testing.
Characteristics of included studies
Additional Table 5 summarizes the main features of the 32 included studies, grouped according to the health condition measured: the measure/method for self-report, whether the participant was specifically asked questions on a possible relation between health impairment and work, the reference standard, the description and size of the study sample, and our quality assessment of the study. Looking at the health conditions measured, 13 studies were aimed at musculoskeletal disorders, 8 at skin disorders, 4 at respiratory disorders, 2 at latex allergy, 2 at hearing problems, and 3 at miscellaneous problems (general health, neurological symptoms, and pesticide 
Yes, hand dermatitis symptoms Physician assessed Sensitivity = 0.68, Specificity = 1.00
6 Kujala et al. (1997) No, glove use-related skin symptoms
Physician ? tests Sensitivity = 0.84, Specificity = 0.98 when combining 1-3 skin with 2-3 mucosal symptoms 7 Nettis et al.
No, glove use-related skin and lung symptoms Physician ? tests Predictive value for symptoms low, except for ''localized contact urticaria'' poisoning). In seven studies, (22%) participants were asked questions on their health as well as on their work. In four studies, participants were explicitly asked about the work relatedness of their illness or symptoms (Mehlum et al. 2009; Bolen et al. 2007; Lundström et al. 2008; Dasgupta et al. 2007 ). In 25 studies, the self-report was compared with the assessment by a medical expert (e.g., physician, registered nurse, or physiotherapist). In 7 studies, selfreport was compared with the results of a clinical test (e.g., audiometry, pulmonary function tests, skin prick tests, blood tests).
Findings
In additional Table 6 , an overview is presented of all 32 studies with the results of the comparison of self-reported work-related illness and expert assessment of work-related diseases.
Agreement between self-report and expert assessment
Thirteen studies presented results on the agreement between self-report and expert assessment ( Table 2 ). The kappa values varied from \0.20 to 0.77, the percentages of agreement varied from 58 to 80%, and the correlation coefficients from \0.17 to 0.62. For two studies, only the significance of the correlation was reported, so the agreement level was not assessable. Overall, the agreement between self-reported illness and expert assessed disease was low to moderate.
Sensitivity and specificity of self-report
The results on sensitivity and specificity reflected the predictive value of self-reported illness to predict experts' assessed disease. Nineteen studies (two studies by Descatha et al. 2007 ) contained enough data to combine in a forest plot (Fig. 3) . The data were categorized according to the type of self-report: (1) questionnaires asking for symptoms, regardless of cutoff value (Symp Quest); (2) single-item questionnaires asking for self-diagnosis (Self Diag), and (3) scales rating severity of symptoms or illness (severity rate). Eight studies presented also data on sensitivity and specificity but did not contain enough data on true vs. false positives or negatives to include in the forest plot. These studies are summarized in Table 3 . Both the sensitivity (0-100%) and the specificity (0.21-1.00) of self-report were found to be highly variable.
Assessment of work relatedness
In seven studies, work relatedness was assessed explicitly by a physician or established with a test. In four studies (Table 4) , workers were explicitly asked to self-assess oneto-one the work relatedness of their self-reported illness (Mehlum et al. 2009 ) or symptoms (Bolen et al. 2007; Lundström et al. 2008; Dasgupta et al. 2007) .
The study by Mehlum et al. (2009) was the only study that explicitly measured agreement between self-reported and expert-assessed work relatedness. Workers with neck, shoulder, or arm pain in the past month underwent an examination at the Norwegian Institute of Occupational Health. Prior to this health examination, they answered a questionnaire on work relatedness. The positive specific agreement (proportion of positive cases for which worker and physician agree) was 76-85%; the negative specific agreement (proportion of negative cases for which worker and physician agree) was 37-51%. Bolen et al. (2007) found that self-report of work-related exacerbation of asthma was poor in patients already diagnosed with HEW-EHAS health, education and welfare-expanded hearing ability scale, NMQ nordic musculoskeletal questionnaire, PRIM project on research and intervention in monotonous work, RSEE rating scare for each ear, VAS visual analogue scale, WR work-related (i.e., whether the participant was specifically asked questions on a possible relation between health impairment and work) asthma. Only one-third of the self-reported symptoms could be corroborated with serial peak expiratory flow findings. Lundström et al. (2008) found that just over half of all individuals vocationally exposed to hand-arm vibration at work were graded equally by self-reported symptoms and sensory loss testing. In addition, Dasgupta et al. (2007) tested whether self-reported symptoms of poisoning were useful as an indicator of acute or chronic pesticide poisoning in pesticide-exposed farmers. They found very low agreement between symptoms of pesticide poisoning and the results of blood tests measuring acetylcholinesterase enzyme activity. In three studies, the outcomes were only compared on a group level (Nettis et al. 2003; Kujala et al. 1997; Livesley et al. 2002) . In two studies on latex allergy in workers who used gloves during work the sensitivity and specificity of single symptoms/signs (e.g., contact urticaria, dyspnoea, conjunctivitis, and rhinitis) were mainly low to moderate, except for the very specific sign of localized contact urticaria (Nettis et al. 2003) and an aggregated measure combining the self-report of at least one skin symptom/sign with one mucosal symptom/sign (Kujala et al. 1997 ).
Investigation of heterogeneity
To explore the sources of heterogeneity across studies, the influence of the overall methodological quality of the study, the type of health condition measured, and the characteristics of the self-report measure were investigated using summary ROC (sROC) plots of those studies that contain enough data to include them in the forest plot.
In the sROC plot on overall quality of the studies, a comparison is made between 8 studies of high quality, 10 studies of moderate quality, and 2 studies of low quality. Again the results are highly variable, with a slight advantage for studies of moderate quality over studies with high or low quality (Fig. 4) .
In the sROC plot on the type of health condition, a comparison is made between the results of 8 symptom questionnaires on musculoskeletal disorders (MSD), 8 on skin disorders, and 2 on hearing loss. Although the outcomes were highly variable, the combined sensitivity and specificity of symptom questionnaires on skin disorders was slightly better than for symptom questionnaires on musculoskeletal disorders and hearing loss. However, there were only a few self-report measures with a optimal balance between sensitivity and specificity.
In the sROC plot on type of self-report measure, a comparison is made between the results for 15 symptom questionnaires (i.e., questionnaires reporting symptoms of illness such as aches, pain, cough, dyspnoea, or itch), eight self-diagnostic questionnaires, (i.e., usually a single question asking whether the respondent suffered from a specified illness or symptom in a certain time frame), and two measures rating the severity of a health problem (i.e., how do you rate your hearing loss on a scale from 1 to 5). Although again the outcomes were highly variable, the combined sensitivity and specificity of symptom-based questionnaires was slightly better than for self-diagnosis or than for severity rating. In addition, symptom-based questionnaires tended to have better sensitivity, whereas self-diagnosis questionnaires tended to have better specificity.
Another source of heterogeneity may come from the variety in case definitions used in the studies for both selfreport and reference standard. In the large cohorts of Descatha et al. (2007) , the agreement differed substantially depending on the definition of a ''positive'' questionnaire result. If the definition was extensive (i.e., ''at least one symptom in the past 12 months''), the agreement between the Nordic Musculoskeletal Questionnaire (NMQ) and clinical examination was low. With a more strict case definition (i.e., requiring the presence of symptoms at the time of the examination), the agreement with the outcomes of clinical examination was higher. Comparable results on the influence of case definition were reported by Perreault et al. (2008) and Vermeulen et al. (2000) . Looking at the influence of heterogeneity in the reference standard, it showed that comparison of self-report with clinical examination seemed to result in mainly moderate agreement, whereas comparison of self-report with test results was low for exposure-related symptoms and tests (Lundström et al. 2008; Dasgupta et al. 2007 ) and moderate for hearing loss (Gomez et al. 2001 ) and self-rated pulmonary health change (Kauffmann et al. 1997 ).
Discussion
Summary of main results
Although the initial aim of the review was to come up with an overall judgment of the validity of self-reported workrelated illness by workers, the number of studies that presented results on the validity of self-reported work-related illness as an integrated concept was low. That is why we chose to analyze both elements of the integrated concept separately i.e., the validity of self-reported illness as well as the validity of the self-assessed work relatedness. Workers' self-report is compared with expert assessment based on clinical examination and clinical testing. We included 31 articles describing 32 studies in the review. The 32 studies did not comprise the full spectrum of health conditions. Musculoskeletal disorders (13), especially of the upper limbs, and hand eczema (8) were the health conditions most frequently studied, so the generalizability Table 6 Results on comparison of self-reported work-related illness and expert assessment of work-related diseases 
Hand eczema Symptoms Self-diagnosis Symptom Based Questionnaire (SBQ) of the results of this review on self-reported illness is limited to these health conditions. On the validity of self-reported illness, we considered the level of agreement between self-report and expert assessment in 13 studies. We found that agreement was mostly low to moderate. The best agreement was found between self-reported hearing loss and the results of pure tone audiometry. For musculoskeletal and skin disorders, however, the agreement was mainly moderate.
Looking at sensitivity and specificity in studies that used the self-reporting of symptoms to predict the result of expert assessment, we often found a moderate-to-high sensitivity, but a moderate-to-low specificity. In studies that used a ''single question'' for self-reported health problems, the opposite was often found a high specificity combined with a low sensitivity. The sensitivity and specificity for reporting of individual symptoms was variable, but mainly low to moderate, except for symptoms that were typical for a certain disease (e.g., localized urticaria in latex allergy and breathlessness in chronic obstructive lung disease).
Seven studies also considered the work relatedness of the health condition. In five studies, workers were asked about the work-relatedness of their symptoms; in the other two studies, only the expert considered work relatedness. Surprisingly, only one (Mehlum et al. 2009 ) studied the agreement between self-reported work relatedness and expert assessed work relatedness. They found that workers and occupational physicians agreed more on work-related cases than on non-work-related cases. Overall, the selfassessment of work relatedness by workers was rather poor when compared with expert judgement and testing.
Limitations of the review
This review has some limitations from a methodological point of view. We considered it unlikely that important high-quality studies were overlooked because we searched several databases using a broad selection of terms referring to self-report and work relatedness and checked the references of selected studies. However, our search did not, for example, encompass the ''non-peer review'' (gray) literature and publications in languages other than English, French, German, Spanish, and Dutch. In addition, we only included studies published after 1-1-1990 because we chose to focus on new evidence. But we trust that our ''snowballing'' approach would have found the most relevant studies published before that date. We did not approach authors who are currently active in the field.
As a number of the retrieved studies did not contain enough information on true and false positives and negatives, we did not include their data in the forest plot on sensitivity and specificity. After an exploration of several potentially important sources of heterogeneity, such as the overall methodological quality of the study, the health condition measured, the type of self-report measure, and the case definitions for both self-report and reference standard, we decided that a formal meta-analysis synthesizing all data was not possible as the studies were too heterogeneous. An important methodological consideration is that the reference standard of expert assessment may not be completely independent of the worker's self-report. The patient's history taken by a physician or other medical expert in the consultation room along with the clinical examination and/or tests will overlap the symptoms, signs, and illness reported by the worker during self-report. This may lead to bias often referred to as common method variance, also called mono-method bias or same source bias (Spector 2006) : Correlations between variables measured with the same method might be inflated. Besides from the fact that in the studies of this review information on self-report and reference standard are only partly stemming from the same source, opinions also differ about the likely effects and on what can be done to remedy potential problems. Spector and Brannick (2010) concluded that ''certainty can only be approached as a variety of methods and analyses are brought to bear on a question, hopefully all converging on the same conclusion.'' This was in line with the methodological remarks on diagnostic accuracy testing in the absence of a gold standard (Bossuyt et al. 2003; Rutjes et al. 2007; Reitsma et al. 2009 ). Since we studied self-reported work-related illness as a form of a ''diagnostic test'', the evaluation would be determining its diagnostic accuracy: the ability to discriminate between suffering or not from a health condition. Usually, a test is compared with the outcomes of a gold standard that ideally provides an error-free classification of the presence or absence of the target health condition. For most health conditions, however, a gold standard without error or uncertainty is not available (Rutjes et al. 2007) . In these circumstances, researchers use the best available practicable method to determine the presence or absence of the target condition, a method referred to as ''reference standard'' rather than gold standard (Bossuyt et al. 2003) . If even an acceptable reference standard does not exist, clinical validation is an alternative approach (Reitsma et al. 2009 ). In a validation study, the index test results are compared with other pieces of information, none of which are necessarily a priori supposed to identify the target condition without error. These pieces of information can come from the patient's history, clinical examination, imaging, laboratory or function tests, severity scores, and events during follow-up. This makes validation a gradual process to assess the degree of confidence that can be placed on the results of the index test results. Since the most often used reference standard for the diagnostic accuracy of self-reported illness in the included studies is ''a physician's diagnosis'', our results may contribute to the validation of self-reported work-related illness rather than prove its validity.
Our results compared with other reports
Although there are many reviews on self-report, to our knowledge there have been neither reviews evaluating selfreported illness in the occupational health field nor reviews evaluating self-assessed work relatedness. However, there have been several validation studies on self-report as a measure of prevalence of a disease in middle-aged and elderly populations, supporting the accuracy of self-report for the lifetime prevalence of chronic diseases. For example, good accuracy for diabetes and hypertension and moderate accuracy for cardiovascular diseases and rheumatoid arthritis have been reported (Haapanen et al. 1997; Beckett et al. 2000; Merkin et al. 2007; Oksanen et al. 2010) . In addition, self-reported illness was compared with electronic medical records by Smith et al. (2008) in a large military cohort; a predominantly healthy, young, working population. For most of the 38 studied conditions, prevalence was found to be consistently lower in the electronic medical records than by self-report. Since the negative agreement was much higher than the positive agreement, self-report may be sufficient for ruling out a history of a particular condition rather than suitable for prevalence studies. Oksanen et al. (2010) studied self-report as an indicator of both prevalence and incidence of disease. Their findings Fig. 4 Summary ROCs to explore heterogeneity based on overall study quality, type of health condition, and type of self-report measure b on incidence showed a considerable degree of misclassification. Although the specificity of self-reports was equally high for the prevalence and incidence of diseases (93-99%), the sensitivity of self-report was considerably lower for the incident (55-63%) than the prevalent diseases (78-96%). They proposed that participants may have misunderstood or forgotten the diagnosis reported by the physician, may have lacked awareness that a given condition was a definite disease, or may have been unwilling to report it. Reluctance to report was also found when screening flour-exposed workers with screening questionnaires (Gordon et al. 1997) . They found with the use of self-report questionnaires a considerable underestimation of the prevalence of bakers' asthma. One of the reasons was that 4% of the participants admitted falsifying their self-report when denying asthmatic symptoms because they wanted to avoid a medical investigation that would lead to a change of job.
Implications for practice
Self-report measures of a work-related illness are used to estimate the prevalence of a work-related disease and the differences in prevalence between populations, such as different occupational groups representing different exposures. From this review, we know that prevalence estimated with symptom questionnaires was mainly higher than prevalence estimated with the reference standards, except for hand eczema and respiratory disorders. If prevalence was estimated with self-diagnosis questionnaires, questionnaires that use a combined score of health symptoms, or for instance use pictures to identify skin diseases, they tended to agree more with the prevalence based on the reference standard.
The choice for a certain type of questionnaire depends also on the expected prevalence of the health condition in the target population. If the expected prevalence in the target population is high enough (e.g., over 20%), a selfreport measure with high specificity ([0.90) and acceptable sensitivity (0.70-0.90) may be the best choice. It will reflect the ''true'' prevalence because it will find many true cases with a limited number of false negatives. But if the expected prevalence is low (e.g., under 2%), the same selfreport measure will overestimate the ''true'' prevalence considerably; it will successfully identify most of the noncases but at the expense of a large number of false positives. This holds equally true if self-report is used for case finding in a workers' health surveillance program. Therefore, when choosing a self-report questionnaire for this purpose, one should also take into account other aspects of the target condition, including the severity of the condition and treatment possibilities. If in workers' health surveillance it is important to find as many cases as possible, the use a sensitive symptom-based self-report questionnaire (e.g., the NMQ for musculoskeletal disorders or a symptombased questionnaire for skin problems) is recommended, under the condition of a follow-up including a medical examination or a clinical test able to filter out the large number of false positives (stepwise diagnostic procedure).
Although the agreement between self-assessed work relatedness and expert assessed work relatedness was rather low on an individual basis, workers and physicians seemed to agree better on work relatedness compared with the non-work relatedness of a health condition. Adding well-developed questions to a specific medical diagnosis exploring the relationship between symptoms and work may be a good strategy.
Implications for research
In the validation of patients' and workers' self-report of symptoms, signs, or illness, it is necessary to find out more about the way sources of heterogeneity like health condition, type of self-report, and type of reference standard influence the diagnostic accuracy of self-report. To improve the quality of field testing, we recommend the use of self-report measures with proven validity, although we realize these evidence-based questionnaires might not be available for many health conditions.
To gain more insight into the processes involved in workers' inference of illness from work, more research is needed. One way to study the possible enhancement of workers' self-assessment is by developing and validating a specific module with a variety of validated questions on the issue of work relatedness as experienced by the worker. Such a ''work-relatedness questionnaire''(generic or disease specific) may explore (1) the temporal relationship between exposure and the start or deterioration of symptoms, (2) the dose-response relationship reflected in the improvement of symptoms away from work and/or deterioration of symptoms if the worker carries out specific tasks or works in exposure areas, and (3) whether there are colleagues affected by the same symptoms related to the same exposure (Bradford Hill 1965; Lax et al. 1998; Agius 2000; Cegolon et al. 2010) . The exploration of issues such as reactions on high non-occupational exposure and the issue of susceptibility may be added as well. After studying the validity and reliability of such a specific module, it could be combined into a new instrument with a reliable and valid questionnaire on self-reported (ill) health.
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